Introduction
When radio-frequency (RF) electromagnetic energy of sufficient intensity is directed at biological tissue it will cause heating. This effect was recognised many years ago' and has been used therapeutically since 1928.
Commercial units generate RF energy with a frequency of 27.12MHz and a wavelength of 11.06m. This is an international standard and lies within the shortwave radio bands.
Shortwave diathermy (SWD) equipment is designed to emit either a constant or a pulsed output and sometimes provides both. Constant output units are used primarily to achieve deep heating of tissues. Pulsed output allows cooling between pulses, heats less strongly and enhances the non-thermal influences of RF energy. Many studies have shown a beneficial therapeutic effect with pulsed output, although the mode of action remains obscure.
Continuous SWD is widely used clinically but remains poorly researched. Practical details of SWD use are not included here and the reader is referred to some of the excellent texts that are currently available2-4. This equipment can cause serious burns if used incorrectly.
Apparatus
The design of shortwave diathermy units will vary between the manufacturers, as does the maximum power output and range of compatible applicators. The specifications of some units used widely and readily available in the UK are given in Table 1 .
Each unit consists of a signal generator and amplifier designed to deliver an output at a single frequency and with an intensity capable of producing therapeutic effects. The amplified signal is fed through a transformer to a second circuit that delivers the energy via various types of applicator to the patient. These two systems are tuned into resonance manually or automatically to allow the maximum amount of energy to be delivered.
The applicators convey energy either by acting as a capacitor, in which the tissues of the patient behave as a dielectric within the electric field, by means of rigid or flexible air-or felt-spaced electrodes, or by acting as an inductor. The latter technique employs an insulated cable that is either pre-formed into a flat spiral and contained within an insulated casing, or is wound by hand to enclose or lie adjacent to the target tissue which then behaves primarily as a conductor within a Continuous shortwave diathermy: Geoffrey C. Goats magnetic field5. The ability of these applicators to heat the musculature whilst retaining a low temperature in the subcutaneous fat varies considerably6.
Biophysics
Oscillating electric and magnetic fields produce heat in biological tissues by inducing a rapidly alternating movement of ions, rotation of dipolar molecules and the distortion of non-polar molecules. A movement of ions represents a real flow of current and occurs readily in tissues rich in electrolytes such as blood vessels and muscle. Resistance to this flow leads to heart production. By contrast, in fatty tissue the main effect of an alternating electromagnetic field is to produce rotation and distortion of molecules which does not constitute, a real flow of current, hence little heat is generated. This activity of the SWD field at molecular level should cause blood vessels and muscle to heat strongly and adipose tissue to heat poorly. Experience reveals, however, that adipose tissue is also heated vigorously because it is permeated by small blood vessels that contain a solution of electrolytes. The heat generated is then retained due to the insulating properties of fat allowing a high temperature to develop. Fibrous tissue is not particularly rich in either blood vessels or fat and usually shows a moderate elevation 5 of temperature .
Assessment of heating
Any assessment by the therapist of the rate of heating is necessarily qualitative because neither field strength nor real current flow can be measured easily and thus neither heat production nor dissipation can be estimated. An appropriate intensity of heating is achieved by a process more akin to an art than a science in which the therapist integrates a knowledge of anatomy, the effects of output intensity, electrode placement and the relative rates of heating of different tissues, together with verbal reports of heating from the patient. Differential heating of tissues is enhanced or reduced, according to the aims of treatment, by the choice of applicator, its subsequent alignment and proximity to the skin7'8. Therapeutic changes only occur when the temperature of the tissue rises to 40-45oC2 . Below this there is little demonstrable effect. At higher temperatures the rate at which proteins denature proceeds more rapidly than repair, resulting in irreparable cell damage and acute pain9.
Physiological and therapeutic effects
In general, the tissue response to SWD compares closely with that from other methods of heating, and the common indications and contraindications are similar to those for superficial heating. Those differences which do however exist originate in the patterns of heating generated by the diathermies, which are unlike those produced by more superficial heating. Diathermy heats both the deep and superficial layers of tissue whilst the effect of superficial heating is most marked in the skin and subcutaneous tissues9. The physiological response also depends upon the magnitude of the rise in temperature, rate of rise, volume of tissue heated and the efficiency of the homoeostatic mechanisms active in dissipating heat10.
Enzyme activity, metabolic rate and growth Van Blood flow to skin increases promptly in response to SWD heating due to the effect on the cutaneous vessels mentioned above and also the local axon reflexes served by the cutaneous thermoreceptors23. Spinal reflexes produce a more complex vascular response to heating that is often remote from the treated site and may, for instance, occur in the opposite limb or in some other region24. Heating the proximal segment of a limb can cause vessels lying distally to dilate. Some propose that this mechanism be harnessed to relieve the ischaemia present in peripheral vascular disease, although research has yet to confirm that the deep collateral vessels dilate to the same extent as the superficial networks25.
Pain and muscle spasm
Pain and muscle spasm often coexist and in a variety of musculoskeletal disorders are mutually reinforcing. Empirical evidence justifies the use of heat to reduce pain although the physiological basis for this observation is poorly understood. 
